are a temporary product of the action of sunlight in oxygenated water, with no significant residual effect, once the sample is removed from sunlight. The process has been termed solar photooxidative disinfection,3 or 'sol-air' water treatment;.! to emphasize the combined roles of light from the sun and oxygen from the air. There is also some evidence that other microbial groups may be inactivated including viruses I and selected protozoal pathogens (e.g. Giardia lamblia 0), though to a lesser extent than for most bacteria.
Practical considerations
Clearly, over several hours, sunlight and oxygen can act together to inactivate faecal bacteria. This has important implications for the use of sunlight in small-scale water treatment (typically, in vessels containing up to 2 litres of contaminated water). The most significant practical aspect of solar photooxidative disinfection is that the oxygen level of the water must be kept close to its maximum value during exposure to full-strength sunlighttheir oxygen status, any use of oxygen-depleted water would have led to a lower, variable rate of bacterial inactivation.
The underlying reason for the rapid decrease in bacterial numbers illustrated in Figure 1 is the light-dependent production of reactive forms of oxygen, including oxygen-free radicals and hydrogen peroxide, which are similar to those implicated in ageing and in some forms of human disease. These reactive oxygen intermediates water gave a far slower rate of decrease. 4 Figure I below shows a representative set of data for faecal coliform bacteria in sewage-contaminated water 5 •.. 
Significance of oxygen
Recent research in the UK has shown that the effectiveness of solar decontamination of water is strongly dependent upon the oxygen status of the water. 3 In controlled tests using water contaminated with either pure cultures of faecal bacteria, freshly voided faeces or raw sewage, exposure to fullstrength, natural sunlight for several hours caused a substantial decrease in the bacterial count when the water was fully oxygenated, while deoxygenated 
en one easy way to ensure this is to oxygenate the water beforehand, by mixing it with air.
Simple experiments show that a plastic or glass bottle three-quarters filled with deoxygenated water, and capped, if shaken vigorously for a couple of minutes, will create air bubbles which will restore its oxygen level to near saturation. During exposure to sunlight, any microbes present in the water may consume dissolved oxygen, reducing the effectiveness of the disinfection process. Because of this, it is worth shaking each bottle a few times during its exposure to sunlight, to ensure that the oxygen level is kept close to its maximum.
A fieldworker should find it relatively simple to test the oxygen status of a particular water source under field conditions using a dilute solution of an oxygen-sensitive dye such as resazurin or methylene blue, which will decolourize as the dissolved oxygen is used up -a pilot study would show how rapidly the oxygen was consumed for a particular water source, enabling a mixing regime to be used which ensures that a high oxygen level is maintained during the illumination period. In the absence of such testing, the bottles should be shaken at the outset, and at least four times during illumination.
Solar photo-oxidative disinfection gives consistently effective results when bottles are illuminated by sunlight of sufficient intensity to give clearly-defined shadows, removing the need to assess the amount of sunlight accurately. Of course, the process is slowed under cloudy conditions. Professor Acra's team has shown that the most favourable solar conditions are obtained between the latitudes of 15°a nd 35°North and South of the equator, where sunlight is both consistent and predictable, with slightly less favourable conditions in equatorial and tropical regions (between latitudes of 0°and 15°), due to higher cloud cover. I Water turbidity and colour will reduce the rate of bacterial inactivation, but such negative effects will only be significant for highly turbid or highly coloured waters, where the light transmission is reduced to less than half of the surface value. Consequently, solar photo-oxidative disinfection may be of practical significance only for relatively clear water sources (<100 NTU), where the turbidity or colour of the water does not restrict substantially the penetration of sunlight. During flood conditions, water turbidity and colour may increase significantly, making the process ineffective: such waters could only be decontaminated after initial processing, for example, smallscale rapid sand filtration, flocculation, coagulation or settlement might be used to reduce the gross turbidity and colour of the water, before illumination. An additional advantage of such pre-treatment would be the removal of a proportion of the contaminating microbes, prior to solar photo-oxidation.
Clear-glass bottles restrict the penetration of the short-wave ultraviolet component of sunlight (UV-B), leading to a slightly slower rate of microbial inactivation.] They may prove to be more durable in the long term, however, and an additional advantage is that they are completely inert -some plastic bottles may leach small amounts of plasticizers into the water as the temperature increases during illumination, and they may become increasingly opaque to short-wavelength light through prolonged exposure to the sun.
Step by step Solar photo-oxidative disinfection can be carried out in the home by individuals, families or small communities, with no need for significant financial investment or external agency support -the only requirement is sufficient bottles to provide enough drinkingwater to meet each person's daily needs. Solar water treatment might be an attractive approach in low-income communities lacking the funding for high-cost engineering solutions. The following procedure -illustrated in Figure 2 possibility of long-term algal growth on the inner walls of the bottles by vigorous cleaning, shaking and rinsing each time they are used.
Applications
Solar photo-oxidative disinfection is too slow a process to make it an attractive option for those communities where a reliable bulk water-treatment process currently exists, for example, chemical disinfection or bed filtration. But it can be appropriate where there is no realistic alternative, and where there is an unfulfilled need for water treatment, which might include:
• the provision of treated water for people in rural villages and urban shanty communities, who may have access only to sewage-contaminated surface water; • the provision of decontaminated water to widely-dispersed rural populations, where a piped supply is impractical, and where chemical treatment is too costly; • emergency water supplies for refugees and in war zones, where conventional water supplies may be unavailable or inoperative (though the large-scale provision of sufficient bottles represents a significant practical limitation); • short-term treatment, in response to a specific contamination event, for example stormwaterlflooding; • the provision of treated drinkingwater for babies and infants, most at risk from diarrhoeal disease; it may be most realistic to target such 'at risk' individuals, rather than trying to change the drinking habits of a whole community; • short-term treatment of a source contaminated with pathogenic bacteria, such as during an outbreak of cholera or bacterial diarrhoea, in the absence of an alternative treatment or a suitable water source; and • provision of decontaminated water for preparing oral rehydration solution where no reliable, safe water supply exists. 1
Solar photo-oxidation and hygiene education
While solar photo-oxidative disinfection has been shown to be effective under controlled laboratory conditions, it is likely to be restricted in its practical applications, and cannot be regarded as a panacea for all waterborne disease. It may, however, offer fieldworkers who are interested in encouraging safe practices a number of possible advantages: --~~.. -.. , ---,. '-/k'--.Idt~· .,
